Recent studies have shown that incubation temperatures can profoundly affect the phenotypes of hatchling lizards, but the effects of hydric incubation environments remain controversial. We examined incubation-induced phenotypic variation in Bassiana duperreyi (Gray, 1938; Sauria: Scincidae), an oviparous montane lizard from south-eastern Australia. We incubated eggs from this species in four laboratory treatments, mimicking cool and moist, cool and dry, warm and moist, and warm and dry natural nest-sites, and assessed several morphological and behavioural traits of lizards after hatching. Incubation temperature influenced a lizard's hatching success, incubation period, tail length and antipredator behaviour, whereas variation in hydric conditions did not engender significant phenotypic variation for most traits. However, moisture affected incubation period slightly differently in males and females, and for a given snout-vent length moisture interacted weakly with temperature to affect lizard body mass. Although incubation conditions can substantially affect phenotypic variation among hatchling lizards, the absence of strong hydric effects suggests that hatchling lizards react less plastically to variation in moisture levels than they do to thermal conditions. Thus, our data do not support the generalization that water availability during embryogenesis is more important than temperature in determining the phenotypes of hatchling reptiles.
INTRODUCTION
environmental conditions experienced during early onEnvironmentally induced phenotypic variation (phenotogeny can significantly affect developmental tratypic plasticity) has been well documented in a variety jectories and embryonic growth rates (Arnqvist & of organisms (Sultan, 1987; Travis, 1994; Gotthard Johansson, 1998) . Particularly in oviparous organisms, & Nylin, 1995), but its ecological and evolutionary where a large proportion of development occurs outside significance remains obscure (Via et al., 1995) . Althe mother's body, the incubation environments exthough plastic responses to environmental conditions perienced by eggs can profoundly affect offspring may occur at any stage of an organism's life-cycle, phenotypes. phenotypic plasticity during early phases of ontogeny
In oviparous reptiles, eggs develop in nests that can may be of particular importance because emvary for thermal, hydric, edaphic and biotic factors, bryogenesis and birth (or hatching) are likely to be creating distinct incubation environments (Packard & Packard, 1988) . Recent studies have focused on two such features of reptilian incubation environments: (Deeming & Ferguson, 1991) . For instance, variation be important components of fitness: (1) incubation period, (2) hatching success; (3) hatchling size and (4) in moisture profoundly affects egg survivorship, inhatchling performance, i.e. running speed and anticubation period, hatchling size and locomotor perpredator behaviour. Because of the scarcity of data on formance in the common snapping turtle (Chelydra gender×incubation effects on hatchling phenotypes serpentina) (Packard, 1999) . Similarly, variation in (Elphick & Shine, 1999) , we also investigated whether temperature can affect egg survivorship, incubation or not females and males respond differently to thermal period and hatchling running speed in the common and hydric conditions experienced during incubation. wall lizard, Podarcis muralis (Van Damme et al., 1992) . Recent studies on hatchling reptiles from natural nests confirmed the ecological relevance of previous laborat-MATERIAL AND METHODS ory findings (Cagle et al., 1993; Weisrock & Janzen, 1999) .
STUDY SPECIES Few studies have investigated the combined effects
The montane three-lined skink Bassiana duperreyi is a of incubation temperature and moisture (e.g. Muth, medium-sized (to 80 mm snout-vent length) oviparous 1980; Packard et al., 1987; Phillips & Packard, 1994) .
diurnal lizard widely distributed in the montane grassIn natural nests, however, these physical factors may lands of sub-alpine south-eastern Australia (Cogger, be correlated and exert combined effects on an organ-1992) . Adult females deposit a single clutch (range= ism's phenotype (Packard & Packard, 1988) . Thus, 3-7 eggs; Greer, 1982) annually under rocks or logs and temperature and moisture must be considered simoften use communal nest sites. In the large majority of ultaneously to understand their relative importance nests, eggs are buried into the soil at a depth of 2.7 for determining the phenotypes of hatchling reptiles.
to 3.7 cm under rocks and logs; however, eggs are Laboratory experiments conducted predominantly on sometimes laid directly on the soil surface under logs turtles suggest that eggs incubated in cool, moist con-(e.g. Shine, 1999) . We chose B. duperreyi as a study ditions have a greater survivorship and incubation system for three reasons. First, long-term monitoring period, and produce larger hatchlings than do eggs has documented significant spatio-temporal thermal incubated in warm, dry conditions (Packard, 1999) . In variation among nests, so that biologically realistic contrast, the few studies conducted on lizards usually warm and cool incubation regimes can be simulated failed to find any significant effects of moisture or in the laboratory (Shine & Harlow, 1996) . Second, interaction between temperature and moisture on laboratory and fieldwork on this species has demhatchling phenotypes (e.g. Ji & Brañ a, 1999) . This onstrated that thermal variation within the natural failure has been attributed by some workers to weakrange of temperatures can substantially modify hatchnesses in experimental design, e.g. unrealistic moisling phenotypes (e.g. Shine & Harlow, 1996 ; Shine, ture conditions or unassessed sources of phenotypic Elphick & Harlow, 1997; Elphick & Shine, 1998) . Howvariation (e.g. among clutches, nests of origin), leading ever, the phenotypic effects of moisture or of interto 'experimental' noise and thereby preventing the actions between moisture and temperature have not detection of moisture effects (e.g. Packard, 1991) . Thus, been investigated so far. Third, B. duperreyi has genpowerful factorial experiments using realistic (both otypic sex determination (GSD, Donnellan, 1985) , and thermal and hydric) incubation conditions and acincubation temperature does not affect sex ratios over counting for all major sources of phenotypic variation the range of temperatures used in our previous studies are needed. Furthermore, most studies have been re- (Shine, Elphick & Harlow, 1995; Elphick & Shine, stricted to phrynosomatid and iguanid lizards. To ob-1999) . However, incubation temperature has been retain a general perspective on this phenomenon, studies ported to interact with offspring gender in determining must be conducted on other lizard groups.
some phenotypic traits among hatchlings (Shine et al., Here we examine the effects of thermal and hydric 1995; Elphick & Shine, 1999) . Our experiment allowed incubation environments on phenotypic variation us to examine such gender×incubation environment among hatchlings of the montane scincid lizard Bassiinteractions. ana duperreyi. In contrast to previous laboratory work (reviewed in Deeming & Ferguson, 1991; Packard, EGG COLLECTION AND INCUBATION 1991) , temperature and moisture regimes were applied that mimicked those found in natural nests. Our facEgg laying is synchronous among female B. duperreyi torial experimental design (simulating cool-moist, from our study population in the Brindabella Ranges, cool-dry, warm-moist and warm-dry nests) allowed 40 km west of Canberra in the Australian Capital us to disentangle the relative importance of temTerritory (Pengilley, 1972) . Fieldwork was timed to perature and moisture and their interaction in afcoincide with the beginning of egg laying. In late fecting variation in offspring traits. We examined December 1998, we collected 210 recently deposited eggs from 18 natural communal nests. It was usually incubation-induced effects on traits that are likely to not possible to recognize individual clutches but we
[kPa]=−1467±58.9, N=24) than in the moist treatments (−314.4±11.0, N=26; two-way ANOVA, ln estimate 44 clutches based on a mean clutch size of (data): F 1,46 =689, P<0.01). The same analysis showed 4.8 eggs (Greer, 1982) . Eggs were probably laid up to no significant difference in the average moisture of 1 week before collection (based on their incubation vermiculite between the cool and warm treatments periods and our regular inspection of nests).
(F 1,46 =0.44, P=0.5) and no significant interaction beEggs were transported to our laboratory at the Unitween incubation temperature and moisture (F 1,46 = versity of Sydney in moist vermiculite P=0.46) . Thus, although moisture levels changed lit grade 2 vermiculite, L. and A. Fazzini, NSW, Ausduring the experiment, dry conditions remained qualtralia). Upon arrival, they were weighed to the nearest itatively dry relative to moist conditions at both in-0.001 g on a top-loading balance and transferred incubation temperatures. Warm versus cool nest dividually to 64-ml glass jars filled with vermiculite.
conditions were simulated using two Clayson 10-step By distributing eggs evenly among our four incubation programmable incubators. One incubator mimicked treatments (cool-dry, cool-moist, warm-dry, warmwarm nests by undergoing 24-h sinusoidal fluctuations moist), any consistent phenotypic differences among around a mean temperature of 22°C (amplitude ±5°C), treatments should reflect incubation conditions rather whereas the other incubator was set to simulate cool than (genetic, maternal or environmental) nest of orinatural nests, fluctuating around 18°C (±5°C). Mean gin effects. The mass of eggs allocated to different temperatures experienced by eggs in natural nests treatments was not significantly different (two-way span a range between 17.3°C and 24.4°C (Shine & ANOVA, df=1, 200, in all cases P>0.24) . Harlow, 1996) . Therefore our experimental thermal Eggs were kept half-buried in dry or moist verregimes closely approximate natural conditions. Howmiculite, either in warm or cool conditions, throughout ever, for logistic reasons, we were unable to replicate the incubation period. Dry vermiculite was set at a incubators for each temperature. Thus, temperature water potential of −750 kPa, whereas moist vereffects are potentially confounded by other putative miculite was at −200 kPa (84.6% and 120% water by incubator effects (see Hurlbert, 1984) . Although we dry mass vermiculite, respectively). The amount of cannot rule out this possibility, we think that this is water needed to achieve dry and moist conditions was extremely unlikely for two reasons. First, all previous determined from a previously established standard studies on B. duperreyi conducted in our laboratory curve of water content versus water potential. To clearly show that thermal effects on phenotypic traits quantify whether experimental moisture levels apare qualitatively reproducible among experiments. proximated those in qualitatively moist and dry natPhenotypic effects of temperature are consistent if ural nests, 32 soil samples from 16 nests containing different incubators of the same trademark are used developing eggs were obtained in February 1998. Soil to mimic qualitatively warm or cool nests (e.g. Shine, water potential was then determined by using a filter-1995; Shine & Harlow, 1996; Elphick & Shine, 1998 ). paper method (Hamblin, 1981) . Water levels in natural Second, the direction and magnitude of most temnests ranged from moist (−170 kPa) to dry perature effects reported here is consistent with those (−1200 kPa) conditions (mean=−662.5 kPa, SE= in our previous studies. We therefore interpret dif-69.6, N=16). Thus, the moisture levels applied to ferences among hatchlings from different incubators eggs in our experiment were well within the range as temperature effects. The position of the jars was experienced by eggs in nature. Moisture loss throughchanged weekly to homogenize the effects of any temout incubation was minimized by sealing jars with perature gradients within the incubators. Incubators plastic wrap. We did not attempt to regularly replace were checked daily for hatchlings. water lost during incubation because a constant water potential during incubation is unlikely to reflect the MAINTENANCE OF LIZARDS situation in natural nests where water potentials are expected to change over time. To examine temporal
Hatchling lizards were kept, in groups of four or five variation in moisture levels, water potentials of verindividuals, in plastic boxes (22×13×7 cm 3 ) conmiculite from each incubation treatment (N=24 and taining a wood shelter and filled to 1 cm with soil. N=26 jars for dry and moist treatments, respectively)
Boxes were housed at 18±1°C, and heating strips were remeasured at the end of the experiment. Each (attaining 34°C) underneath one end of the container sample was weighed, oven-dried for 72 h at 60°C, reallowed hatchlings to thermoregulate for 10 h a day weighed to determine its gravimetric water content, (light [warm] :dark [cool] cycle=10:14 h). During our and its water potential calculated from the standard studies on B. duperreyi we have never observed becurve. The moisture of vermiculite declined in both havioural interference amongst hatchling lizards for a treatment groups during the experiment. However, at heat source. All lizards housed in the same box therethe end of the study the vermiculite was still confore were highly likely to have simultaneous and unrestricted access to all regions along the thermal siderably drier in the dry treatments (mean±SE gradient. However, for logistic reasons we were unable latency and duration of the behaviour. We analysed the frequency of the antipredator behaviour in a given to record individual thermal preferences. Thus, we do not know whether hatchlings from different treatments treatment by treating the behaviour as a dichotomous variable (e.g. present versus absent in a set of three had consistently different thermal preferences and whether the temperature experienced by an individual trials per lizard). However, we did not analyse the number of trials in which a lizard performed the beinfluenced its performance in the running trials. Lizards were provided with ad libitum water and fed a haviour or the number of times the behaviour was performed in a given trial because (i) the behaviour is standardized amount of crickets (Acheta domesticus) or mealworms (larvae of Tenebrio molitor) four days usually highly repeatable among trials and (ii) during a given trial a lizard has usually only once the opprior to their running trial and twice a week thereafter. After completing the experiment, all lizards were reportunity to perform the behavioural display. leased in the study area, close to their nest of origin.
STATISTICAL ANALYSIS HATCHLING TRAITS
Statistical analyses were performed by following procedures described in Sokal & Rohlf (1995) and using On the birth day of each hatchling, the presumed incubation period (=date of hatching − date of start the programs SAS v.6.12 (SAS Institute, 1989) and SYSTAT 5.1 (SYSTAT, Inc., Evanston, IL, USA; Wilof incubation experiment, days) was calculated, sex was determined by manual eversion of hemipenes, kinson, 1989) . Because many of the hatchling traits measured in and hatchling body mass (±0.01 g), snout-vent length (SVL, ±0.05 mm) and tail length (±0.05 mm) were this study were likely to be correlated, we analysed the dependent variables using MANOVA before promeasured. Unfortunately, we were unable to measure growth rates because of logistic restrictions (see Elceeding to ANOVAs for the individual traits. To test for an overall effect of incubation conditions, the dephick & Shine, 1999 for incubation-induced effects on growth rates in B. duperreyi ). To assess hatching pendent variables (incubation period, hatchling mass, SVL, tail length, burst speed, sprint speed) were anasuccess, the experiment continued until all eggs hatched or were found to be dead (as indicated by lysed using a four-way MANOVA with temperature (i.e. incubator), moisture, sex and nest of origin as fungal growth on the outside of the egg and confirmed by dissection).
factors, considering main effects only. For each of the dependent variables (see above), we At 7 days of age, a lizard's running speed was measured along a 1 m long and 4 cm wide electronic racethen performed a four-way ANOVA using procedure GLM (SAS Institute, 1989) with temperature (i.e. track. Lizards were acclimated to a room temperature of 25°C (the normal activity temperature for B. duperincubator), moisture, sex and nest of origin as factors. Assumptions of ANOVA were tested using the SAS reyi, Shine, 1983) for at least 30 min prior to a trial. Individuals were then placed in the holding area of program macro HOMOVAR and procedure UNI-VARIATE (SAS Institute, 1989) . If assumptions were the raceway before being released and allowed to run the 1-m distance. In all cases lizards were chased with violated, we transformed data as necessary. Because we could not disentangle with our design whether an artist's paintbrush. Each individual was run three times, with 10 min of rest between successive trials. and to what extent nest of origin effects consisted of genetic effects, maternal effects and environmental Running speeds (m/s) were determined with an infrared timing device connected to the track, using phoeffects experienced by eggs prior to transfer to the laboratory, we decided not to make inferences about tocells at 25-cm intervals along the runway. From these data, mean burst speed (fastest speed over any this composite source of variation. Nest of origin was included only to correct for variation among nests 25-cm segment, m/s) and mean sprint speed (mean running speed over 1 m, m/s) were calculated for each and was therefore taken as a fixed factor. Thus, we only report results for the main effects and interindividual.
In the running trials we also recorded whether a actions of temperature, moisture and sex (see Results), although variation among nests of origin hatchling stopped during a trial, reversed direction, and then ran back past the paintbrush; some inwas accounted for in all ANOVA models presented (and was significant in all cases except for burst dividuals also vertically raised and wriggled their tails. This behaviour was previously reported in hatchling speed; results not shown). All interaction terms with P>0.2 were eliminated from the full ANOVA model B. duperreyi and other lizard species (Elphick & Shine, 1998) , and is postulated to function as an antipredator to increase the power to detect interactions of lower order or main effects. The unequal distribution of tactic (Shine, 1995) . Because our main focus was on measuring running speeds rather than on antipredator eggs among treatments with respect to nest of origin resulted in empty cells. We therefore used type IV behaviour, we did not measure parameters such as the sums of squares (SSQ). As pointed out by Shaw & RESULTS Mitchell-Olds (1993) , an ANOVA using type IV SSQ OVERALL PHENOTYPIC EFFECTS OF INCUBATION cannot be considered a complete analysis because CONDITIONS alternative parametric hypotheses may exist. HowBecause hatchling traits were correlated (Table 1) , ever, we note that performing an orthogonal fixedwe used MANOVA to analyse the overall phenotypic factorial three-way ANOVA (using type III SSQ) withpattern of incubation effects. Incubation temperature, out correcting for variation among nests of origin sex, and nest-of-origin affected the overall hatchling yielded qualitatively very similar results with respect phenotype significantly (MANOVA, F 6,115 =1344.1, 9.4, to effects due to temperature, moisture and sex as and 2.5, respectively; Wilks' <0.001 in all cases). In did the four-way ANOVA (using type IV SSQ; results contrast, moisture did not affect a hatchling lizard's not shown). Because we performed six ANOVAs (one overall phenotype (MANOVA, F 6,115 =1.05, Wilks' = for each trait), we corrected the P values for multiple 0.4). comparisons using Bonferroni adjustment.
Although behavioural interference amongst lizards housed together in a single box before the running INCUBATION PERIOD trials was unlikely, it was possible that box effects
The mean incubation period of eggs was significantly would confound any incubation effect on running different among treatments: cool-incubated hatchlings speeds. Including box as an additional independent had a 21% longer incubation period than did warmvariable in our four-way ANOVA models would, howincubated hatchlings (Table 2 , Fig. 1A ). Moisture afever, absorb a substantial number of degrees of freedom fected incubation period differently in hatchling male and reduce the power of the statistical models to an and female lizards (Table 2) . However, the effects were undesirable level. We therefore computed residuals only minor: dry-incubated males had a 0.9% longer from our four-way ANOVAs on running speeds and incubation period than dry-incubated females whereas analysed these residuals in a one-way ANOVA using moist-incubated females had a 0.9 % longer incubation box as a factor. For both burst and sprint speed, box period than dry-incubated females (t=2.8, df=70, effects were not significant (F 1,140 =0.9, P=0.66; F 1,140 = P<0.05, and t=2.9, df=68, P<0.05, respectively). These 1.15, P=0.28), suggesting that box effects are unlikely contrasts remained significant after Bonferroni adto be confounding. justment. Because body mass, tail length and running speed correlated significantly with SVL, we performed AN-
HATCHING SUCCESS

COVAs to test whether the effects observed in ANOVAs
Eggs incubated in warm conditions were 1.3 times were still significant after accounting for SVL. The more likely to hatch than were those incubated in cool assumption of homogeneity of slopes was tested as an conditions (Fig. 1B) , and incubation treatments did interaction between the main factors (or interactions) not affect the sex ratio of hatchling lizards at birth and the covariate in the linear model. (Sokal & Rohlf, thermal and hydric conditions did not differ sig-1995). The aim is to find the simplest model in a nificantly in mass, and body mass did not differ behierarchy of models, i.e. the model containing the tween the sexes (Table 2, Table 3 ). Similarly, a fewest number of parameters that does not deviate hatchling lizard's SVL was not significantly affected significantly from a perfect fit (as measured by a G by incubation temperature or moisture. However, the test). To find the simplest model in the hierarchy, we sex of a newborn lizard significantly affected its SVL: followed Goodman's (1971) stepwise procedure (Lee, females were 1.7% larger than males (Table 2, Table  1978 ).
3). Because a hatchling's body mass was significantly Standard deviations for proportions (hatching succorrelated with its SVL, we performed an ANCOVA on cess, antipredator behaviour) were calculated as bibody mass, using SVL as the covariate. For a given SVL, incubation temperature and moisture interacted nomial standard errors. Fig. 1C ). P<0.05). Cool-dry incubated lizards were 3.2% heavier than cool-wet incubated lizards and 2.7% heavier than Males had 2.1% longer tails than females (Table 2: P= 0.04, marginally significant; Fig. 1C ), but this effect warm-dry incubated lizards (t=2.4, df=51, P<0.05, and t=2.2, df=70, P<0.05, respectively) . Although the was not significant when Bonferroni adjustment was applied. However, both effects were significant in an interaction was significant, these contrasts were not significant after Bonferroni adjustment. The re-ANCOVA on tail length, using SVL as the covariate. For a given SVL, both temperature and sex affected lationship between a hatchling's body mass and its SVL differed between the sexes (homogeneity of slopes, tail length (intercepts test, F 1,102 =108.2, P<0.001 and F 1,102 =17.9, P<0.001, respectively). our study is that we were unable to detect any main A lizard's running speed (over 0.25 m and 1 m) was effects of moisture on phenotypic traits of hatchlings. not significantly modified by incubation temperature, However, moisture interacted with sex in affecting moisture or sex ( Table 2, Table 3 ). However, the reincubation period, and for a given SVL body mass lationship between a hatchling's sprint speed and SVL was affected by an interaction between moisture and differed between the sexes (ANCOVA, homogeneity temperature. Although both interactions were sigof slopes, F 1,87 =11.5, P<0.01). Cool-incubated lizards nificant, their effects were only minor (see discussion displayed the antipredator behaviour during running below). Although some studies have shown that moistrials 12 times more often than did warm-incubated ture can affect a hatchling lizard's phenotype (Packard, hatchlings (Fisher's exact P<0.001; Fig. 1D) . Packard & Boardman, 1980; Overall, 1994; Phillips & Packard, 1994) , others have failed to find phenotypic variation among hatchling lizards incubated under DISCUSSION different moisture levels (Tracy, 1980 , water potentials PHENOTYPIC EFFECTS OF MOISTURE ranging from −200 to −590 kPa; Alberts et al., 1997 : To test for phenotypic effects of moisture we assessed −150 to −1100 kPa; Ji & Brañ a, 1999: 0 to −220 kPa). several hatchling lizard traits under two hydric con-
The differences between these studies are unlikely to be solely due to differences in experimental design, ditions that were well within the range of moisture e.g. in the moisture regimes used (e.g. Packard et al., a 21% shorter incubation period than cool-incubated hatchlings (cf. Shine, 1995; Shine & Harlow, 1996; : water potentials ranging from −100 to −450 kPa; Phillips & Packard, 1994 : −150 to Elphick & Shine, 1998 . Incubation period is likely to affect fitness, because B. duperreyi lives close to the −1100 kPa; this study: −200 and −750 kPa).
In contrast to lizards, a consistent trend is that upper elevational limit for oviparous reptiles in Australia. Long incubation periods experienced by coolturtles incubated in moist environments mobilize nutrients from the yolk quicker, grow faster, hatch later, incubated hatchlings may result in eggs hatching after the onset of harsh winter conditions (Elphick & Shine, are larger at birth and run faster than siblings incubated under drier conditions (Cagle et al., 1993; . Third, warm-incubated hatchlings had 9.5% longer tails than cool-incubated lizards (cf. Shine, 1995; Packard, 1999) . In combination, these studies suggest that chelonians may be more sensitive to variation in Elphick & Shine, 1998) . Although evidence suggests that offspring size can be an important component of moisture conditions than lizards and that hatchling responses to moisture might be more variable in lizards fitness in reptiles (Ferguson & Fox, 1984) , it is unclear whether longer-tailed B. duperreyi may have a survival than in turtles. This discrepancy is difficult to explain. The contrasting results might reflect differences in advantage over individuals with shorter tails. However, variation in tail length may determine a lizard's ability nesting behaviour (as well as differences in eggshell morphology; Packard & Packard, 1988 ) between these to escape predators by tail autotomy (Congdon, Vitt & King, 1974) . Alternatively, incubation-induced changes two groups of reptiles as well as among different lizard species. Most turtles deposit eggs in a nest cavity in in tail length may be less costly in terms of fitness than changes in SVL: SVL is often positively correlated with a humid zone of the soil, whereas oviposition behaviour is extremely variable among different lizard species body mass and clutch size. If thermal variation inevitably leads to variation in total body length, changes (Packard & Packard, 1988) . For example, small scincid lizards often deposit eggs beneath surface objects, but in tail length may be paid off by reduced variation in the presumably more important component of fitness, many iguanid lizards dig chambers as nests for eggs. Eggs of B. duperreyi are buried close to the soil surface SVL. Fourth, cool-incubated lizards displayed antipredator behaviour 12 times more often than warmat a depth of 2.7-3.7 cm, under small rocks and logs (Shine, 1999) . Eggs located close to the surface are incubated lizards (cf. Shine, 1995) . The adaptive significance of the behavioural displays observed in hatchlikely to be exposed to extremely dry conditions when the uppermost layer of soil dries after a period of ling B. duperreyi remains uncertain, but evidence from several lizard species suggests that they serve to redirect rainfall. In contrast, eggs buried in deeper layers or deposited in a nest chamber are likely to experience a predator's attack from the lizard's body to the tail (Dial, Weldon & Curtis, 1989 ). more favourable hydric conditions (Ackerman, 1991; Packard, 1999) . Thus, insensitivity of eggs to variation Additionally, we found that for a given SVL temperature and moisture significantly interacted to affect in moisture levels may be an adaptation against extreme hydric conditions in lizard species that oviposit a hatchling's body mass: cool-dry incubated lizards were slightly heavier than both cool-wet and warm-dry inclose to the soil surface. Although the causes are not yet clear, we conclude that eggs of different lizard cubated lizards. At present, we do not have a clear physiological explanation for these incubation-induced species do not respond uniformly to variation in moisture levels (see also Ji & Brañ a, 1999) .
patterns of body mass. However, given the small and non-significant contrasts, the biological significance of this effect remains questionable.
PHENOTYPIC EFFECTS OF INCUBATION TEMPERATURE
In summary, incubation temperature clearly affects several fitness-related hatchling traits in B. duperreyi. Temperatures experienced by hatchlings during inHowever, differences in body size, body shape and anticubation profoundly modified several phenotypic predator behaviour between warm-and cool-incubated traits. In most cases, these results were consistent B. duperreyi have been reported to decrease during with the phenotypic effects of qualitatively similar ontogeny (Elphick & Shine, 1998) . Thus, the evoluthermal incubation conditions used in our previous tionary and ecological significance of the phenotypic work on B. duperreyi (e.g. Shine, 1995; effects of incubation temperature clearly deserves fur-1996; Elphick & Shine, 1998) .
ther study (see also Qualls & Shine, 1998 , 2000 . We found strong effects of incubation temperature on hatching success, incubation period, tail length and antipredator behaviour. First, eggs incubated in warm PHENOTYPIC EFFECTS OF SEX conditions were 1.3 times more likely to hatch than coolincubated eggs, suggesting that among-nest variation There is ample evidence for sexual dimorphism in hatchling traits of reptiles (e.g. Kopstein, 1941 ; Clark, in temperatures may be an important determinant of egg mortality. Second, warm-incubated hatchlings had 1963; Shine, 1993) . For instance, Janzen (1995) found sex-specific variation in plastron length among hatchthe failure of some authors to find phenotypic effects of moisture in hatchling lizards may be due to weaklings of the common snapping turtle (Chelydra serpentina), but the differences were small and probably nesses in experimental design. However, in our study, it was unlikely that the lack of strong moisture effects not biologically significant. Similarly, it is not clear whether the minor sex differences in SVL, tail length resulted from the experimental design. Thus, we conclude that the contrasting results may reflect variation and the relationship between a hatchling's body mass (and sprint speed) and its SVL detected in our exin phenotypic response among lizard species. This apparent variation might be due to differences in nestperiment persist through ontogeny and contribute differently to fitness in male and female B. duperreyi.
ing behaviour among different species of lizard. If spatio-temporal variation in moisture conditions of More specifically, sex differences in phenotypic plasticity have rarely been documented by evolutionary nests of B. duperreyi is large and likely to be extreme, buffering against hydric perturbations may be a prime biologists (but see Barker & Krebs, 1995 in Drosophila aldrichi and D. buzzati; Karavan et al., 2000 in D. determinant of whether embryos complete development successfully. The hypothesis that developing melanogaster), and incubation-induced sex differences in hatchling traits in particular have not received eggs of many lizards ovipositing close to the soil surface are buffered against variation in hydric conditions is much attention. However, sex-specific phenotypic responses to incubation temperature have been found in testable using comparative field and laboratory studies. In keeping with this idea, some of the clearest hatchling reptiles, for instance affecting egg mortality in snakes (Burger & Zappalorti, 1988) and survival examples of moisture effects on hatchling lizards are found in species that oviposit in deep soil layers or rates of hatchling turtles (Janzen, 1995) . Recently, Elphick & Shine (1999) found that hatchling size and construct nest cavities (Phillips & Packard, 1994) . In contrast to many studies on turtles, this study does locomotor performance in B. duperreyi are differently affected by temperature in males compared with fenot support the generalization that water availability during embryogenesis is more important than temmales, suggesting that the sexes differ in their plastic responses to thermal regimes experienced during emperature in determining the phenotypes of hatchling reptiles. Particularly, different lizard species are likely bryogenesis. However, we did not find such temperature by sex interactions, presumably because we to differ in their phenotypic response to variation in substrate moisture levels. used a different thermal regime (present study, cool: 13 to 23°C, warm: 17 to 27°C; Elphick & Shine, 1999, cool: 16 to 24°C, warm: 23 to 31°C). Thus, the possibility
